Supplementary Figure 1. Examples of marker expression in mammary organoids. a Examples of high ER expression (top panels) and low ER expression (bottom panels) as assessed by immunofluorescence and confocal microscopy for the indicated markers, scale bar = 100 µm. b Flow cytometry analysis of ALDH activity in the luminal progenitor cells (EpCAM + CD49f + ) from three organoid cultures. ALDH activity is compared to a negative control using a specific inhibitor of ALDH. The percentage of ALDH + and ALDHluminal progenitor cells is shown for each culture. c Immunohistochemistry for ERBB3 in luminal progenitor-type organoids in the indicated cultures, counterstained with Hematoxylin, scale bar = 100 µm. a b 7.22 92.7 65.3 34.7 ORG9 ORG59 ORG87 ALDH Count 18.3 81.7 ORG63 ORG23 ORG51
Antibodies recognizing the proteins listed in each of the 5 categories (see Supplementary  Table 4 ) were validated, conjugated to heavy metals, and used for CyTOF profiling of human mammary cells. Figure 4 . Heat map of X-shift-defined clusters from 12 organoid cultures analyzed by CyTOF. CyTOF analysis was performed on 12 organoid cultures derived from normal human mammary tissues. Clustering of cells was performed using X-shift to define 29 distinct clusters (y-axis). The heat map displays the abundance of each of the markers in the panel (x-axis) (red = higher expression level, blue = lower expression level).
Supplementary Figure 5.
Re-analysis of CyTOF data after exclusion of BRCA1 and p53 from the CyTOF panel. CyTOF data were re-analyzed as in Figure 3 , but excluding the markers BRCA1 and p53 from the X-shift clustering. Global clustering pattern nearly identical to Figure  3 was obtained, as shown by force-directed layout in a-c. Note that the minor re-orientation of the clusters relative to Figure 3 is intrinsic to each X-shift re-run and does not reflect changes in the global clustering pattern. a Cells are colored by X-shift-defined cluster. b Cell types as determined by expression of markers such as those shown in c. c The levels of the indicated markers are shown, with warmer colors demonstrating higher protein expression levels. Figure  3 . In each panel, each dot represents one cell, and colors represent the expression levels of the indicated markers (warmer color = higher expression level). Supplementary Figure 12 . Individual components of the organoid medium affect mammary lineage distribution in organoid cultures. For a representative mammary organoid culture, ORG63, organoids were established in the presence or absence of the indicated growth factors or signaling pathway inhibitors. a CyTOF analyses were performed on the series of cultures, and the percentages of cells in the mature luminal (ML), luminal progenitor (LP), and basal populations were determined, as shown by pie chart. b Marker expression levels are shown in the histograms as measured by CyTOF for mature luminal, luminal progenitor, or basal/stem cell populations of ORG63, as indicated. Shaded histogram indicates culture grown in full medium, and clear histogram indicates culture grown in the absence of EGF. χ 2 values shown. c Bright field images at low power of organoid cultures grown in full medium, medium with recombinant R-spondin 1 (control for -R-spondin 1 condition), or medium lacking the indicated factor (representative of n = 4). Scale bar = 100 µm. Supplementary Figure 13 . Assessment of a CD73 + CD90population in organoid cultures established in full medium, or medium lacking either B27 or EGF. The percentage of CD73 + CD90cells in the basal (EpCAM -CD49f + ) population was determined as measured by CyTOF for the indicated cultures, values shown are normalized to the percentage of CD73 + CD90cells in the basal population grown in full medium. Mean and standard error of the mean are shown. * is p = 0.012 and ns is not significant by Student's t-test, two-tailed. 
Culture

Numbers of ER+ organoids and cells in culture
Supplementary
